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AET, S, 2-aminoethylisothiouronium Br, has reported to be one of the most

efficient sulfhydryl compounds that will protect mice against death from radiation

(Doherty and Burnett, 1955). The various hypotheses suggested for the mecha-

nism of protection include those that should protect chromosomes from radiation-

induced damage. Induced crossing-over in male Drosophila, or more properly

"pseudo-crossing-over" to indicate induced breakage, was one of the radiation-

induced chromosomal aberrations selected to test whether AET would protect

against this effect. Lefevre (1947) with work on radiation-induced somatic cross-

ing-over, and Parker (1948) and Whittinghill (1951) from evidence with induced

crossing-over in the male Drosophila interpreted this as a result of chromosomal

breakage. Herskowitz and Abrahamson (1957), Olivieri and Olivieri (1964)
related dosage to amount of induced crossovers and concluded that a "two-hit"

phenomenon was responsible.

MATERIALS AND METHODS

Adult male Drosophila melanog aster 2-16 hours old, heterozygous for third

chromosome roughoid (ru, 0.0), hairy (h, 26.5), thread (th, 43.2), scarlet (st,

44.0), curled (cu, 50.0), stripe (sr, 62.0), ebony (c, 70.7), claret (ca, 100.7), as

a result of cross between Oregon-R and "rucuca," were injected with 3 mg. of

AET/ml. in 0.01 MNaOH. The AET was converted to effective MEGwith a

pH of 7.2. The injection was done with a glass needle with a tip diameter of 0.06

mm. The amount of fluid introduced between the dorsal third and fourth tergites

was determined by increase in the weight of the flies and was found to be approxi-

mately 0.1 pi. or 3.33 X 10- 5

mg. of AET per fly. The Drosophila males, usually
in two groups of 25, one a control group injected with saline and the other treated

with AET, were exposed immediately after injections to 2000 r of x-ray radiation

in air by a Mattern x-ray unit with a Thermax tube at 100 KV, 5 ma., 4- mm. of Al

filter, 320 r/min. (determined by a Victoreen Model 570 condenser r-meter) at a

distance of 11 cm.

In one series, 120 pretreated AET males and 101 control males were irradiated

and allowed to recover in air and then mass-mated to virgin "rucuca" at a ratio of

one male to three females, aged two to three days. The males were presented with

a virgin group of females every three days. On the ninth day after irradiation,

each male was isolated in a small vial and given three females, and on the 12th

day this was repeated in a new vial of food. Thus, the offspring of each male
could be recorded for 9-12- and 12-15-dav broods after irradiation.j

1 Supported by Contract No. AT (11-1) 1081 with U. S. Atomic Energy Commission.
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In another series 212 males were injected with AET and a control group of

125 were exposed to 2000 r in air. Then they were both post-treated with flowing
No for 30 minutes. The flies were mated at a ratio of one male to three females in

broods 0-3 day, 3-6 day and then mated daily on days 6 through 15. All experi-
ments were kept at 24 C. The design of the experiments was based on the con-

sensus of several authors (Auerbach, 1954; Bateman, 1956; Savhagen, 1961) that

the cells in meiosis at the time of radiation of young adult males' testes will be

mature usable spermatozoa 7-9 days later. Thus, induced crossing-over in diploid
cells should appear in the offspring resulting from matings 7 or 8 days after irradi-

ation. Crossovers as suggested by Auerbach (1954) were scored when at least two
or more mutants (TO) were present, for presence or absence of a single mutant

could represent a deletion or mutation.

TABLE I

Radiation-induced crossovers in adult males 2-16 hours old, heterozygous for
ru h th st cu sr e s

ca, injected with 3 mg./ml. of AET, and then

irradiated with 2000 r of x-rays and recovered in air.

Brood
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TABLE II

Location and number of breaks in radiation-induced (2000 r) crossovers (rz) in males whose third

chromosome was heterozygous for ru h th st cu sr e* ca. Radiation in air and recovery
in air. Location of regions of breakage: ru I h II th III st IV cu V

srVl eVll ca
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the control males so that there is no significant difference between 9-12-day brood

of control males and that of AET and post-treated nitrogen males with respect to

the number of crossovers. Although the data were presented of the daily broods,

the three daily broods of days 9, 10, and 11 were totaled and then compared to the

9-12-day broods of flies recovered in air. The daily broods of days 12, 13, and 14

were also totaled and compared to 12-15-day broods of flies recovered in air. By
this method the daily brood data presented in Table III were analyzed and the

9-12-day brood of control males treated in NI> produced 45 (0.723%) crossovers

out of a total of 6225. This is lower than 0.886% crossovers in the corresponding
brood recovered in air (Table I). The 9-12-day brood of AET and post-treated

TABLE IV

Location and number of breaks in radiation-induced (2000 r) crossovers (/>) in males whose third

chromosome was heterozygous for ru h th st cu sr e s
ca. Radiation in air,

post-treated with nitrogen for 30 minutes. Location of regions of

breakage: ru I h II th III st IV cu V sr VI e s 711 ca
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It is also possible that young spermatogonia were more susceptible to injury and

hence failed to survive, and thus there were fewer crossovers. There is also a

relatively smaller population of spermatogonia represented by 12-15-day brood at

the time of radiation. Olivieri and Olivieri (1964) also found that radiation in-

duced more crossovers in the late spermatogonia than the early spermatogonia.
The question raised by the data in Table I is whether AET actually protects

the 9-12-day brood from crossing-over, or whether the broken or damaged chromo-

somes are prevented from repairing or rejoining, hence are lost. From the evidence

in the literature AET and other sulfhydryls apparently do not give protection to

radiation-induced chromosomal aberrations in Drosphila. Edington (1958) re-

ported that when AET was used as a possible protector against radiation-induced

mutations in male Drosophila, there was an increase in "dominant lethals" and in

the numbers of sex-linked lethals (Kaplan and Lyon, 1953). Mittler (1964)
found that pretreatment with MEA, AET, and glutathione did not protect the

Drosophila testes from radiation-induced sex-linked lethals, translocations, dele-

tions of the X chromosome, loss of X or Y chromosomes and "dominant lethals,"

and that glutathione and MEA increased the number of "dominant lethals" and

loss of chromosomes in the XOmethod. Rugh and Fu (1965) reported that AET
did not protect the cytoplasm or nucleus of the haploid Arbacia cell from gamma
rays.

The region that includes the centromere was found to have the majority of the

breakages or exchanges that occurred. Olivieri and Olivieri (1964), Friesen

(1937), Parker (1948) and Whittinghill (1951) also reported that induced cross-

ing-over is greatest in this centromeric heterochromatic region. AET or post-
treatment with N2 did not influence the breakage in this region.

The paradox of a radioprotective substance actually increasing radiation damage
may be explained by AET having a greater adverse effect on the recovery process
than on actual protection, if any, against the initial effect. It may be that 2000 r

may so overwhelm the initial protective effect of AET, if any, that only the effect

on the recovery system is tested. For this reason, the series on nitrogen post-

treatment was conducted. If one assumes that AET induces anoxia or by some

means prevents the recovery of broken chromosomes, then control males whose

testes were injured by radiation in air and who were then subjected to nitrogen
should yield data similar to AET-treated males recovered in air and thus have less

crossovers.

The data in Table III do indicate that post-treatment with nitrogen tended to

reduce the number of crossovers produced by the control males so that there is no

significant difference between 9-12-day brood of control males and that of AET-
treated males with respect to the number of crossovers. Since post-treatment with

N2 does induce anoxia and since the nitrogen post-treatment has no effect on AET-
treated males with respect to a change in the number of crossovers, it appears as if

AET injection induces an anoxia condition which simulates to some extent the

post-nitrogen treatment.

Oliver i and Oliveri (1964) were surprised to find an increase in crossing-over
in males irradiated in air and post-treated in N2 , for they had also noted that N2

when given between the fractions restored the frequency of the induced crossing-
over as if it were unfractionated, and that N2 acted by preventing the restitution of
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breaks. The data presented in this paper indicated that N- post-treatment tends to

reduce the number of crossovers and that the day 10 brood used only by the Oli-

\ ieris to test the effect of post-treatment of Xo produced the largest percentage of

crossovers in our control group post-treated with nitrogen (Table III). The

young spermatogonia, broods day 12-15, were definitely affected by the post-

treatment of No. The 30 minutes of No treatment were sufficient to decrease the

number of crossovers, probably by keeping the broken chromatids or chromosomes

from uniting with a sister pair, hence less crossovers. If the broken or injured

chromosomes are lost as a result of the XL> treatment, this would also result in a

decrease in radiation-induced crossovers. However, AET does not affect the

younger spermatogonia, for the decrease in crossovers was in the older sperma-

togonia. It is indeed possible that something besides anoxia induced by AET may
be interfering with the recovery process. Sobels ( 1963 ) pointed out the extreme

difference in response of the mature spermatozoa compared to that of spermatids
with respect to X? post-treatments. Not only are there differences in radiosensi-

tivity for the various pre- and post-treatments. Even a difference of several hours

in the age of mature sperm can result in significant differences in radiation-induced

lethals (Lefevre and Jonsonn, 1964).

AET does not protect against breakage of chromosomes or whatever radiation-

induced damage causes crossing-over in male DrosopJiila. Although there are

fewer induced crossovers in the 9-12-day brood which represents cells about to go
into meiosis, the AET effect is eliminated by post-treatment with No. The induced

crossovers of No post-treated males, whether injected with AET or saline, will be

lower as a result of the No treatment.

The excellent technical assistance of Raymond U is acknowledged.

SUMMARY

1. Drosophila melanogaster males heterozygous for ru h tli st cu sr e
s ca were

injected with AET and irradiated with 2000 r and backcrossed to "rucuca." The
number of induced crossovers with two or more mutants (r- 2 ) was significantly

decreased in the 9-12-day broods of males treated with AET as compared to

controls.

2. The hypothesis that AET interfered with a recovery process probably by
an induced anoxia was tested by No-treatment after the x-ray-treatments. The
N2 post-treatments had no effect on AET-treated and irradiated males with respect

to crossovers; however, the young spermatogonia represented by brood day 12-15

of the control males were induced by the N2 treatment to produce less crossovers.

3. Since the AET effect is eliminated by N2 post-treatment, an anoxia produc-
tion by AET can be a possible mechanism for reduction of crossovers. Nitrogen

post-treatment tends to reduce the number of radiation-induced crossovers. AET
did not affect the young spermatogonia.

4. The induced breakage occurred primarily between regions st and cu and thus

in or about the centromeric region. AET has no influence on the region of the

breakage.
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5. Crossovers were found to be more frequent in the 9-12-day brood than in

the 12-15-day brood.
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